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1 Introduction

In this note I will describe the 400 MeV Linac diagnostic line. The primary
roles of the existing and new diagnostic line are to safely dump the unused
part of the linac beam and to measure beam momentum and emittance.
The present Diagnostic Line starts at septum S1 and is the straight ahead
continuation of the Linac exit line. The beam is then transported using
two quadrupoles to the spectrometer magnet. During normal operation and
Momentum measurement the spectrometer magnet bends the beam 40° and
the beam is dumped into the Momentum Dump (Dump 2). During emittance
measurements (emittance measurements are usually made only during linac
studies), the spectrometer magnet is off and the beam is dumped into the
straight ahead dump, Dump 1. The wires W2, W3, and W4 are used for the
emittance measurements and wire W5 for momentum measurements.

The new line can be made as a carbon copy of the existing one except
for spectrometer magnet. Due to the increased magnetic stripping of H~
with energy increase I have considered two possibilities. One is to strip H~
to protons before bending the proton beam 40°. The spectrometer magnet
in this case will be relatively short (about 1.5 meters) and will have a mag-
netic field ~ 15 kG. The second option that I have considered is to bend
and dump H~ and have a long (about 3 meters) Spectrometer Magnet with
magnetic field about 7.5 kG. Based on the cost estimates (see Appendix A)
and studies made on the Linac Dumps (see Appendix B), I will present the



beam optics design assuming that the existing dumps will be used and that
the spectrometer magnet will be a long one with 7.5 kG field.

2 Beam Optics

The new Diagnostics line starts at the end of the Lambertson magnet and
has two Loma Linda type quadrupoles (Q2 and Q3) positioned as closly
to the Lambertson magnet as was possible. The spectrometer magnet has
a magnetic field of 7.5 kG and magnetic length of 2.96 cm so that the H-
beam is bent 40°, see Fig 1. In all beam optics calculations I have taken Carol
Johnstone’s input! for elements for the 400 MeV line up to the Lambertson
magnet and turned off the currents in the Chopper and Lambertson so that
the beam coming to the Diagnostic line has all the characteristics of the beam
coming from the Linac. Figures 2-7 and Appendices C, D, E are results of
the Transport runs for;

e normal operation setting (quadrupoles field, Q2=-2.2 kG, Q3=1.15
kG),

¢ momentum measurement setting (Q2=-2.80 kG, Q3=2.27 kG) and
o forward dump setting (Q2=2.84 kG, Q3=-3.03 kG).

Figures 2, 3 and 4 show 8 functions in two transverse directions and positions
of the beam line elements. Figure 5, 6 and 7 show the half width of the beam
as function of position and beam line elements. I have assumed that the Linac
beam will have normalized emittance ¢’ = 10r mm mrad in both transverse
directions. I am assuming that emittance is define as?

z2

F’
where z is half width of the beam (of the 98% of the beam assuming that

beam will have Gaussian distribution) and ¢ = fve. Quadrupoles field
setting are fixed assuming that

€E=T

e the beam pipes have radius r = 4.127 cm (diameter 3.25%),

e Loma Linda quadrupoles have radius r = 4.127 cm (diameter 3.25’),
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s specirometer magnet has a good field half width of 4.0 cm horizontal,
e spectrometer magnet has a half gap of 2.0 cm vertical,

s the straight through pipe that passes through the Spectrometer magnet
has radius=2.0 cm

3 Spectrometer Magnet

Based on the cost estimates (see Appendix A) and safety issues I am assuming
that H~ beam will be dumped in the Momentum Dump. Due to the electron
stripping of H~ by magnetic fields which increases with beam energy, the
magnetic field in the spectrometer magnet must be kept below the present
value. The final number, Np(H~) of the H~ after pessing distance s in
magnetic field can be written as® a function of the initial number Ny(H") of
H-,

s
eyt
where c, § and « are the usual relativistic quantities. The 7 is the mean life
of an ion H~ in the magnetic field B and is given as

Np(H™)= Ni(H")

A D
T =g exp(g)
where A = 1.05 x 107 sec MV/cm, D = 49.25 MV/cm and E = 0.36vB
MV/cm. The magnetic field B is in kilogauss.

To keep electron stripping at the preset level ( ~ 0.1% of the H~ beam is
stripped presently) it was suggested* and can be seen from Figures 8 and 9
that the spectrometer magnet should have magnetic field ~ 7.5kG. Figures
8 and 9 show efficiency of stripping as a function of magnetic field for 200
MeV and 400 MeV beam.

Based on the preliminary design of the Spectrometer magnet done by C.
Schmidt#, I have made a number of Poisson runs. Figure 10 shows the poletip
shape, magnetic field lines and the cross section {one quater) of the magnet
with relevant dimensions. Table 1. lists values of the magnetic field in the
middle plane of the magnet. As can be seen, the good field half width extends
up to 4.0 cm. I am defininig "good field region” where -AB—?- <3.x1074.
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400 MeV Line, Momentum Dump, normal operation
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400 MeV Line, Momentum Dump, Momentum measurement setting
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H_Minus magnetic stripping, 400 MeV beam
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APPENDIX A

FERMI NATIONAIL, ACCELERATOR LABORATORY
ACCELERATOR DIVISION
MECHANICAL SUPPORT GROUP
March 18, 1991
To: Milorad Popovic
From: Stewart Mitchell
Subject: Spectometer magnet cost estimate
Budget Code: LYD
This is a cost estimate and cost comparison between two versions

of the proposed spectometer or analysis magnet and is furnished
at your request.

Long version Short version
Length (m) 2.97 1.485
Length(ft) 9.744 4.872
Length(in) 116.9289 58.464
Steel $ $4692 $2346
Coil $ $2314 $4628
Total $ $7006 $6974

These costs are for the material only and do not include labor.

WITH Labor $24521 $24409
(3.5xmaterial)

This estimate does not include labor assembling the magnet or other
costs attendent to preparing it for service. When these costs are
added, my best guess for these two magnets are:

$44521 $44409

Please note that the cost given for the coils is based on $6.60/1bs.

If you decide to use the conductor shown on the attached dwg MA-186611,
the price for only the coil material may vary by up to 200 per cent,
depending on the price of the copper. You will be charged for the
material based on the price when it was purchsed, not when you use

it. Obviously, this can be good, or it can be bad, depending on the
price of copper. Also attached for your information is a partial
drawing of the pancake we are using on the Loma Linda quad.

cc: Carol Johnstone
Jim Lackey
Kay Weber
Debbie Cobb

/"
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